Abstract. Momentum has been examined extensively in equity markets, but little studied outside them. I document the existence of momentum and reversals in futures markets including commodity and¯nancial futures contracts traded in the US and overseas. Futures momentum portfolios earn positive average returns even after adjusting for risk using canonical pricing models including the CAPM and Fama-French three factor models. If futures momentum portfolios are formed based on standardized performance, they earn positive average returns even after a momentum factor is included in the Fama-French model, although the momentum factor is statistically signi¯cant. Thus, futures momentum is related to, but not subsumed by, equity momentum. Non-parametric risk adjustment reduces momentum returns, but momentum portfolios formed based on standardized historical returns exhibit abnormal performance even allowing for time varying, nonparametric risk adjustment.
Introduction
Momentum is one of the most recalcitrant anomalies in the asset pricing literature. The phenomenon has been studied extensively since it was¯rst documented by Jegadeesh and Titman (1993) . For the most part, momentum portfolios earn positive returns even after adjusting for risk using canonical Virtually all research on momentum focuses on equities. Although some research examines international stocks (Bhojraj and Swaminathan, 2003) and bonds (Gebharrdt, Hvidkjaer, and Swaminathan, 2002; Naik, Trinh, and Rennison, 2002) , most momentum studies focus on US stocks. Methodologies and sample periods di®er, but the independence of contributions of various momentum studies based on a core of common data is limited. Moreover, behavioral theories of momentum (e.g., Barberis et al, 1998; Daniel et al, 1998) rely on allegedly pervasive psychological characteristics that should a®ect trader actions outside of US equity markets. To determine whether momentum is a°uke¯nding in a particular asset class or a ubiquitous phenomenon related to fundamental investor biases, it is therefore imperative 3 to examine whether momentum is found in other, and heretofore unstudied, markets.
For a variety of reasons, futures markets are a particularly fruitful subject to explore for evidence of the pervasiveness of momentum.
First, since the mid-1970s futures markets have grown dramatically in size and scope. Whereas futures markets had once been restricted to agricultural products and some metals, by 20 years ago futures had been introduced on US goverment securities, short term interest rates, equity indices, foreign currencies, and energy products. In the late-1980s and early-1990s, futures markets grew dramatically overseas as well, especially in Europe. Moreover, in this period the volume of trading has exploded. Furthermore, due to the possibility of arbitrage trading, futures prices are tightly linked to the prices of their underlying instruments. Therefore, anomalies documented in futures prices almost certainly occur in the prices of the underlyings. Since futures markets represent directly or indirectly (via arbitrage) a much broader slice of investment and trading opportunities than do equity markets, they make it possible to determine whether momentum is a ubiquitous phenomenon, or is instead limited to stocks. return is statistically signi¯cant. Moreover, these momentum returns persist even after adjusting for risk using parametric models including the CAPM and Fama-French three factor models. Perhaps most important in light of recent evidence, momentum returns persist even after adjusting for risk using a stochastic discount factor estimated using a non-parametric approach a la ACD. Although the magnitude of the momentum premium declines after the non-parametric risk adjustment, this premium is statistically signi¯cant at a high level of con¯dence for several choices of portfolio formation and holding periods, if portfolios are formed on the basis of standardized performance.
Interestingly, futures momentum is related to stock momentum, but not subsumed by it. The correlation between the momentum portfolio return and the Fama-French momentum factor is between .26 and .30 (depending on the method of constructing the futures momentum portfolio), and the momentum factor is statistically signi¯cant in time series regressions of the momentum return on the three Fama-French factors and the momentum factor. Nonetheless, the constants in these regressions are positive and typically statistically signi¯cant at conventional levels, indicating a futuresspeci¯c momentum e®ect that is not completely explained by stock-based momentum returns.
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In addition to short term momentum, there is evidence of long term reversals in futures prices. Speci¯cally, returns to momentum portfolios are negative and statistically signi¯cant in the second year after portfolio formation. Indeed, the reversal typically more than o®sets the momentum return earned in the¯rst year after portfolio formation.
These results suggest that momentum and reversals are pervasive phenomena that cannot be explained by existing asset pricing methods, including the relatively unrestrictive non-parametric stochastic discount factor approach. The momentum puzzle cannot be put to rest just yet.
The remainder of this article is organized as follows. Section 2 outlines the empirical approach and the data employed. Section 3 presents the basic results on momentum and reversals, and shows that standard asset pricing models do not explain momentum returns in futures. Section 4 analyzes the ability of a non-parametric risk adjustment to explain momentum returns.
Section 5 examines the characteristics of momentum portfolios. Section 6 summarizes the article.
Methodology and Data

Methodology
Momentum studies are based on returns. The method for constructing returns based on futures prices is motivated by the institutional features of these markets, particularly marking-to-market. Consider an agent who buys a futures contract on date t. The contract expires at date ¿ . The futures price is F t;¿ . On day t + 1 the futures price changes to F t+1;¿ . From t to t + 1 the agent realizes a gain of F t+1;¿ ¡ F t;¿ . At the end of t + 1, this amount is paid into the agent's margin account (if positive) or deducted therefrom if negative. The agent can then invest this margin in°ow at the prevailing interest rate, or borrow to¯nance a margin out°ow at this rate.
The lending (borrowing) of the t to t + 1 gain (loss) can be repeated daily to the end of the month. The end of the month in which the trader purchased the contract is date T . The interest rate on date t
This is a daily rate (i.e., not annualized). At T , the agent will have
in his margin account.
If the law of one price holds,
where m T is a stochastic discount factor. Therefore,
where r t+1 = F t+1;¿ =F t;¿ ¡ 1. Summing across all T 0 · t · T ¡ 1, where T 0 is the¯rst day of the month, and applying the law of iterated expectations implies:
where the expectations operator without a subscript represents the unconditional expectation.
Motivated by (1), I calculate the monthly return on a given futures contract by
This quantity represents a monthly return that adjusts for the e®ects of marking to market. This return calculation captures any convexity bias effects that arise from marking-to-market and correlations between the interest rate and futures returns. It is equivalent to the amount of money in an agent's margin account at the end of a month for each dollar of notional contract value traded at day t in that month.
Futures contracts with notional values and prices denominated in a currency other than dollars require a slightly di®erent treatment. Denote f t as the date t FX spot price (dollars per unit of foreign currency). An individual who buys a single unit of a futures contract at t can convert the mark-tomarket gain or loss into dollars at t + 1, and then invest the gain or¯nance the loss until T at the dollar interest rate. At T , the agent will have:
in his margin account. By the law of one price,
Moreover,
Therefore, by the law of iterated expectations
As before, these terms can be summed for all t in a given month to calculate a mark-to-market adjusted return on the foreign futures contract. Returns are calculated using settlement prices for the next-to-expire contract. Note that futures contracts expire on a given date, which may (and typically does) occur in the middle of the month. For instance, grain and Treasury futures contracts expire 7 business prior to the last business day of the contract month. Therefore, when calculating the returns in a given month, I use the returns on the contract that is next to expire at the be- As will be seen, although there is evidence of momentum in portfolios formed in this way, the disparity in volatility across futures contracts masks the momentum e®ect in some ways. In particular, very high variance futures are more likely to be in winner and loser portfolios, whereas low variance futures are seldom represented in either. As a consequence, the variances of the winner and loser portfolios are substantially higher than those of the intermediate portfolios. Moreover, even absent any momentum e®ect, more volatile futures are more likely to be included in momentum portfolios. Therefore, I implement another method for identifying winners and losers that attempts to mitigate this e®ect. Speci¯cally, during the performance measurement period, I calculate the daily standard deviation of returns for each futures for each month. Call the daily standard deviation of return for futures i in month j ¾ i;j . I then create standardized returns:
where N i;j is the number of daily returns on futures contract i in month j.
These standardized returns are also ordered, and quintile portfolios based on standardized returns during the portfolio creation period are formed.
I then measure the performance of the quintile portfolios in the four quarters following formation, and in the second and third years following formation. Inasmuch as portfolios are formed each month, and their performance is measured over periods longer than a month, performance measurement periods overlap. Consequently, the statistical signi¯cance of returns is measured using Newey-West standard errors that adjust for the amount of overlap (2 months for quarterly returns and 11 months for annual returns).
The quarterly return analysis implies that the largest average monthly returns for momentum portfolios are for J = 6 with a 6 month holding pe-riod (i.e., K = 6) and J = 9 with a 3 (K = 3) month holding period. This is true for portfolios formed using standardized returns and non-standardized returns. Following Jegadeesh and Titman, I then determine the monthly return on portfolios with J = 6 and K = 6, and J = 9 and K = 3. The monthly return on the quintile portfolios in a given month is given by the equally weighted average of the portfolios formed over the last K months based on performance over the J months prior to portfolio formation. This permits the use of ordinary standard errors. Even when portfolios are formed based on standardized returns, post-formation portfolio performance is measured using the raw returns r i;T .
The detailed analysis focuses on the performance of the momentum portfolio consisting of the return on a long position in the winner portfolio, and a short position in the loser portfolio. Note that there are no short sale constraints in futures markets that impede the shorting of the loser portfolio.
Indeed, the nature and cost of buying and shorting are equivalent in futures markets.
Once the returns to the momentum portfolios are determined, I calculate the average return to these portfolios across the sample. In addition, to determine whether momentum returns represent a reward for risk bearing, I estimate time series regressions of the monthly returns on the momentum portfolios fJ = 6; K = 6g and fJ = 9; K = 3g against monthly risk factors.
Risk factors include the market return, the three Fama-French factors (market return, market-to-book, and size), and the three Fama-French factors plus a momentum factor. Finally, I use a non-parametric stochastic discount factor approach as another way to ascertain whether risk adjustment elim-inates momentum returns for these portfolios. The methodology for this analysis is discussed in Section 4.
Data
I utilize data from futures contracts traded in North America, Europe, Asia, and Australia. The data was provided by the Commodity Research Bureau. Table 1 lists all of the dollar denominated contracts. Panel B lists the additional contracts included in the second set. Table I groups contracts into nine categories such as agricultural, stock index, and interest rates. The Table also indicates the number of observations included for each contract.
It should be noted that trading volume in these contracts is immense. Table 2 reports mean quarterly and annual returns for momentum portfolios formed using dollar denominated futures with J = f3; 6; 9; 12g based on non- for two quarters when J = 6 and J = 9, and for one quarter when J = 12.
Results
Quarterly Performance of Momentum Portfolios
These¯ndings are similar to those documented for equity markets.
Second, there are strong reversals in the returns on the momentum portfolios. The reversals begin in the fourth quarter after portfolio formation when J = 3 and J = 6 (with stronger reversals for the latter in that quarter), in the third quarter after portfolio formation when J = 9, and in the second quarter when J = 12. Moreover, the reversals persist in the second year after portfolio formation. Indeed, the returns in the second year are negative, and larger in absolute value, than the returns in the¯rst year for all except J = 3. The combination of momentum at short horizons and reversals at longer horizons is also consistent with evidence from equity markets.
Returns in the third year after portfolio formation are indistinguishable from zero for all J. Speci¯cally, for each month i in the data, I regress all available returns in that month against the corresponding returns for month i ¡ k, k = 1; : : : ; 36.
The slope coe±cients in these cross sectional regressions for a given lag are then averaged across all months in the data set, and reported in Table 4 along with their associated t-statistics. Table 4 reports the averaged results from the dollar denominated data set. As noted in Heston and Sadka, the slope coe±cients are proportional to the returns of winner minus loser portfolios as formed by Lehmann (1990) and Lo and MacKinlay (1990) . Thus, they represent another way of measuring the momentum e®ect.
Note that coe±cient at the¯rst lag is positive and signi¯cant. This contrasts to equity markets, where the coe±cient on the¯rst lag is often negative. This is typically attributed to a microstructure e®ect in equity markets, which is obviously absent in the futures markets studied, likely indicating their greater liquidity. Coe±cients are mainly positive for the¯rst 12 lags, and are signi¯cant and economically large at lags 1, 3, 5, 10, and 11.
Coe±cients are strongly negative, and statistically signi¯cant, at lags 13-15.
Thereafter, with the exception of lag 25, the coe±cients are economically small and statistically insigni¯cant.
In brief, futures returns exhibit patterns similar to those documented for equity markets. Speci¯cally, they exhibit short term momentum followed by long term reversals.
Monthly Returns and Risk Adjustment
In the interest of brevity, I calculate monthly returns for two J; K combinations rather than all 16 possible combinations. I choose J = 6, K = 6, and J = 9, K = 3 because these exhibit the most pro¯table unconditional momentum returns. For J = 6, K = 6 the unconditional monthly momentum return, calculated a la Jegadeesh-Titman, is 71 basis points per month (t = 2:65) for dollar denominated portfolios formed using non-standardized performance, and 79 basis points per month (t = 3:70) for dollar denom-15 inated portfolios formed based on standardized performance. For J = 9
and K = 3, the unconditional mean momentum return is 82 basis points (t = 2:66) for the non-standardized-based portfolios, and 86 basis points (t = 3:32) for the dollar denominated portfolios formed using standardized returns. Note that although the magnitude of momentum portfolio returns is similar regardless of whether portfolios are formed on the basis of standardized or non-standardized returns, the mean returns for the portfolios formed using standardized returns are estimated more precisely. This re°ects that fact that when returns are not standardized, high variance futures are more likely to be in the variance portfolios. This elevates the variances of the loser and winner portfolios relative to the variances of returns for quintiles two through four.
For instance, when J = 6, when portfolios are formed without standardizing returns, the standard deviation of returns of the loser portfolio is .0372
and that for the winner portfolio is .0364. In contrast, the volatilities of portfolios based on performance quintiles two, three, and four are .0192, .0166, and .0194, respectively. In contrast, when standardized returns are used to form portfolios, the loser portfolio volatility is .0281 and that of the winner Table 5 reports the results for dollar denominated futures. For each of the four momentum portfolios studied, the regression constants in each of the three regressions are positive and signi¯cantly di®erent from zero (at pvalues well below .01) except when the momentum factor is included in the regressions for the portfolios formed using non-standardized returns. Indeed, when a momentum factor is excluded, the constant is often larger than the unconditional mean return on the relevant momentum portfolio. Thus, as is the case with equity momentum portfolios, canonical asset pricing models cannot explain momentum returns.
Interestingly, the Fama-French momentum factor is positive and signi¯-cant in each regression in which it is included. This re°ects the fact that the correlation between this factor and the return on the futures momentum portfolio ranges between .26 and .28, depending on fJ, Kg and whether portfolios are formed using standardized or non-standardized returns. Nonetheless, for the standardized return-based portfolios, the constant term in the regression including the momentum factor is signi¯cant with a p-value of 1.5 percent for J = 9, K = 3, and .4 percent for J = K = 6. This result suggests that futures momentum is related to, but not subsumed by, stock momentum.
Moreover, the signi¯cance of the equity momentum variable in the futures momentum regressions bolsters the interpretation of momentum as a true risk factor. Table 6 reports similar results for the entire set of contracts. Again, the There is a relationship between futures momentum returns and stock momentum returns, but including the latter as a \factor" does not eliminate futures momentum pro¯ts.
Risk Adjusted Momentum Returns Based on a SDF
ACD propose using a stochastic discount factor (\SDF") model to adjust for risk in place of parametric pricing models such as CAPM and Fama-French.
ACD¯nd that such an approach leads to sharp reductions in the estimates of momentum returns, particularly when the stochastic discount factor is time-varying.
I implement the ACD approach using the futures momentum portfolios J = K = 6, and J = 9, K = 3, for both non-standardized and standardized return-based portfolio formation. I¯rst estimate the SDF m T assuming that it is not time varying. I then estimate a model that permits m T to vary with variables that are plausibly related to time-varying expected returns.
Estimation of an SDF in this way requires a choice of basis assets. ACD use industry portfolios. I have done so as well, but¯nd that industry portfolios augmented by futures portfolios perform better. Most important, when applied to momentum returns the Wald and likelihood ratio statistics used to test for spanning described in Kan-Zhou (2002) are larger using the 20 industry portfolios than is the case when one uses 5 industry portfolios, the riskless bond and 9 futures portfolios as the basis assets.
3 Thus, the probability that 20 industry portfokios do not span momentum returns is higher than the probability that the 5 industry and 9 futures portfolios do.
As discussed in section 2, the expected discounted returns on the futures portfolios and the futures momentum portfolio should equal zero. The expected discounted (gross) returns on the industry portfolios and the riskless bond should equal 1.
The SDF is posited to be a linear combination of the returns on the basis assets. As is conventional, I use GMM to estimate m T . When the momentum portfolio is included in the estimation, the model is overidenti¯ed, with one overidentifying restriction. I use a J-test to determine whether the average pricing error on the momentum portfolio{denoted by ®{is signi¯cantly di®erent from zero. If momentum returns represent compensation for risk, which is properly measured by the estimated SDF, the ® equals zero. Table 7 reports the mean pricing error ® for the momentum portfolios and the p-values for testing the hypothesis ® = 0 when the SDF is not time varying. The estimates in Table 7 impose the constraint that m T¸0 . In this case, the SDF for month T is estimated as m T = maxfx 0 T ±; 0g, where x T is the vector of gross returns on the basis assets (one plus the return on the equity industry portfolios, and the return on the futures portfolios), and ± is a vector of coe±cients estimated using GMM. The fact that m T is constrained to be non-negative imposes a no-arbitrage restriction. 4 For the dollar denominated futures momentum portfolios, the momentum portfolio mean pricing errors are positive, and somewhat smaller than the associated unconditional mean momentum portfolio returns. Thus, the risk adjustment reduces the momentum return somewhat, but does not eliminate it. Moreover, one can reject the null of zero mean pricing error at the 1 percent level for portfolios formed using standardized returns. One can reject the null of zero mean pricing error for the non-standardized portfolios at the 5 percent level.
For the broader collection of futures that includes non-dollar denominated contracts, for portfolios based on standardized returns, one can reject the null of zero pricing error at a p-value of .0021 for the J = K = 6 portfolio, and 4 In general, when the model is estimated only under the weaker law of one price assumption with a non-time varying m T function, estimated momentum portfolio pricing errors are slightly smaller than the unconditional mean momentum returns. However, for the non-time varying SDF, one can still reject the null hypothesis of zero pricing error at the¯ve percent level for most portfolios studied.
at p = :0051 for the J = 9, K = 3 portfolio. Here, these pricing errors are slightly larger than the unconditional mean momentum returns. Pricing errors for the portfolios formed using non-standardized returns are modestly smaller than the mean returns on the momentum portfolios. The ® for both the J = 6; K = 6 and J = 9; K = 3 portfolios are signi¯cant. Table 8 reports mean pricing errors for the momentum portfolios and the associated p-values, when the SDF is time varying. In this case, the SDF for month T is estimated as m T = maxf(x T − Z T ) 0 ±; 0g where Z T is an vector of instruments. 5 I utilize instruments that have been documented to have predictive power for returns. Speci¯cally, I utilize the term spread (i.e., the di®erence between the 10 year and 3 month Treasury yields), the default spread (the di®erence in yields between Baa and Aaa corporate bonds), the three month riskless interest rate, and the dividend yield on the CRSP value weighted index.
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For returns based on standardized performance-based portfolios, the pricing errors are approximately 40 percent smaller than the unconditional mean momentum portfolio return for dollar denominated futures. Thus, some of the mean momentum return is compensation for risk. However, for USD denominated contracts, the pricing errors are signi¯cantly di®erent from zero at the 5 percent level for the portfolios formed using standardized returns.
5 Without the no arbitrage restriction, one can reject the hypothesis of zero mean pricing error at the 5 percent level for dollar denominated futures. Risk adjustment reduces pricing errors by between 6 and 11 basis points.
The probability that the J = K = 6 mean pricing error is zero for portfolios constructed using standardized returns is .0007. For J = 9 and K = 3, the probability is somewhat larger, .0215. However, for the portfolios constructed using non-standardized performance, the p-value is .3454 for J = K = 6 and .2687 for J = 9, K = 3. Thus, one cannot reject the null of zero mean pricing error for a time varying SDF when one forms winner and loser portfolios based on non-standardized performance. This is similar to what is documented for equities by ACD, although (a) the di®erences between unconditional mean momentum returns and risk adjusted momentum returns and (b) the p-values found here are both substantially smaller than those they report.
For the broader momentum portfolios, time varying risk adjustment also results in pricing errors that are about 40 percent smaller than the unconditional mean momentum return when momentum portfolios are formed using standardized performance. For J = K = 6 one can reject the null of zero pricing error with a p = :0117. With J = 9, K = 3 one rejects the null with p = :0167. For portfolios based on non-standardized returns, the mean pricing error is not signi¯cant at the 10 percent level for for all portfolios studied.
These results provide an interesting contrast to those of ACD, who¯nd that risk adjustment using an SDF, especially including conditioning information, eliminates virtually all of the superior performance of US equity momentum portfolios. In contrast, when momentum portfolios are formed using 
Characteristics of Momentum Portfolios
Momentum strategies are trading-intensive. Therefore, the ability of market participants to realize momentum returns depends crucially on the transactions costs of buying and selling momentum portfolios. These costs, in turn, may depend on the characteristics of the instruments in the momen- In brief, the momentum phenomenon is not restricted to stocks. Indeed, inasmuch as the futures contracts included in this analysis represent directly or indirectly a far broader slice of available investment opportunities than do equities alone, the results of this article suggest that momentum is pervasive.
These results therefore present a further challenge to asset pricing models.
This article also suggests that futures prices represent fertile ground for 27 the testing of asset pricing models more generally.
7 Futures markets represent a much broader and more diverse cross section of investment opportunities than do equities alone. Moreover, futures prices are closely related to the prices of a variety of other instruments (e.g., government bonds, swaps) that are economically important, but which are not typically included in empirical asset pricing work. Futures prices are readily available, and since most major futures contracts were introduced no later than the mid-1980s, it is now possible to assemble a respectable time series of monthly futures returns. Thus, including futures price data would bene¯t empirical asset pricing research. The foregoing table lists the futures contracts used in the empirical analysis, the exchanges on which they are traded, and the number of observations for each. Exchange abbreviations are: CBT-Chicago Board of Trade; CME- This table reports mean pricing errors{®{for momentum portfolios. The stochastic discount factor is non-time varying, and equals maxfx t ±; 0g, where x t is a vector of gross returns on basis assets, and ± is a vector of coe±cients.
± is estimated using GMM. p-values are based on a Hansen J-test. This table reports mean pricing errors{®{for momentum portfolios. The stochastic discount factor is time varying, and equals maxf(x t − Z t ) 0 ±; 0g, where x t is a vector of gross returns on basis assets, Z t is a vector of instruments and ± is a vector of coe±cients. The instruments are the default spread, the time spread, and the dividend yield. ± is estimated using GMM.
p-values are based on a Hansen J-test. 
